A constantly increasing number of immunological cross reactions are being studied with the aid of the quantitative precipitin and quantitative agglutinin techniques, and knowledge of this phase of immunological specificity is consequently taking on a more precise character. The present contribution to this subject continues earlier work (1) on the pneumococcus Type III-Type Viii cross reaction.
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A constantly increasing number of immunological cross reactions are being studied with the aid of the quantitative precipitin and quantitative agglutinin techniques, and knowledge of this phase of immunological specificity is consequently taking on a more precise character. The present contribution to this subject continues earlier work (1) on the pneumococcus Type III-Type Viii cross reaction.
It was shown in the earlier studies that the reaction between the specific polysacchafide of Type VIII pneumococcus (S VIII) and an antipneumococcus (anti-Pn) Type VIII horse serum, in the antibody excess region and through the equivalence zone, could be represented by the equation rag. antibody N precipitated = 2RS --~, in which S --S VIII precipitated, A = antibody nitrogen precipitated at a reference point in the equivalence zone, and R ~-ratio of A to S at the reference point (of. 1, 2) , an equation which may be derived from the law of mass action and which has been shown to be applicable in many immune systems (3) . However, the cross reaction between the specific polysaccharide of Type III pneumococcus (SIII) and Type VIII antiserum was of a distinctly different character. When S III was plotted against antibody N the resulting curve was not characteristic of the above equation but was composed of a steep initial portion, followed by a less steep, linear section. Since cross reactions are not always similar in the reciprocal sense it was thought of interest to make a quantitative study of the S VIII-anti-S Ill reaction, and data on this are included in the present report. An attempt was also made to isolate the antibody reactive in linear fashion in the cross reactions, as it was thought that this might show a simpler behavior toward polysaccharide than the antibody as a whole. Finally, experiments were run at 37°C. as well as at 0 ° in order to test the effect of temperature on the cross reaction.
* The work reported in this communication was carried out under the Harkness Research Fund of the Presbyterian Hospital. 35
Type III and Type VIII pneumococcus polysaccharides (designated SIII and S VIII) were prepared according to references 1 and 4. 
S --143 S:
* A = antibody.
Single analysis only. § Amount S in superaatant determined (6 b, c).
[] Calcuhtted to 1.0 rag. A N as follows: in the experimentally determined linear equation,
R 2
A N in precipitate ffi 2R --S, A is put = 1.0, changing only the slope of the line.
Y
The precipitin determinations were carried out in the usual way (5, 6) by addition of increasing amounts of polysaccharide to accurately measured volumes of serum. After 2 days at 0°C. the specific precipitates were centrifuged, washed twice in the cold, and analyzed for nitrogen by the micro-Kjeldahl method. All analyses were run in duplicate. Table I and Fig. 1 on the addition of increasing amounts of SIII and S VIII to the antiserum. The equations, calculated to the same antibody content, are seen to be identical before and after heterologous absorption, as in a similar experiment with Type VIII serum (1) . The cross reaction, also, was Table I are included in the plot. similar to that for the antipneumococcus Type VIII-S III reaction (1), consisting of a steep initial segment and a less steep, nearly straight portion, slope 1.1, along which there was considerable scattering of experimental points. Upon addition of larger amounts of S, the combining ratio of antibody N to S reached a lower limit showing that the precipitate attained constant composition. The large factors by which it was necessary to multiply the analytical data for the terminal portion of the curve rendered the slope of this segment uncertain. nag. N precipitated = 21.5 S -108 S s, A N = 1.07 rag., practically the same as that of a bleeding from the same horse taken one year earher (1) . The cross reaction data on this serum are given in Table II and Fig. 2 . In this system, as in the S VIII-anti-S III reaction, the combining ratio of antibody to polysaccharide approached a constant value. The course of the reaction curve, A, in Fig. 2 , was similar to that of the earlier bleeding (1) . The slope of the linear portion, 2.4, was practically the same as that, 2.5, found in (1).
Experiment 1. Homologous and Cross Reaaiom of Type III Antiserum H 792 (Bleeding 2~3~37).--Data are given in
To 50 ml. of serum H 644 a quantity of SIII was added corresponding to a point at the beginning of the hnear portion of the curve in order to separate, if possible, the 22 
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"0 antibodies characteristic of the different parts of the reaction plot. The specific precipitate obtained was dissociated by Liu and WAs modification (7) of Felton's (8) dilute alkali method, and a series of predpitin analyses was carried out with the recovered antibody solution (644 A) and S HI. The curve resembled that of the first portion of the cross reaction plot. The supernatant from the original precipitation, designated 644 B, was also analyzed by the quantitative predpitin method. The slope of the 644 B line was 2.2, or almost the same as that of the original serum. The results are given in Table II and plotted in Fig. 2 . Antipneumococcus Type VIII horse sera bled from horse 909 in 1937 and in 1939 were employed for further repetitions of the cross reaction experiments. The data are omitted since they closely resembled those given in Table II and Fig. 2 . The slope of the hnear portion of the curve for the 1937 bleeding was 2.9 and that for the 1939 bleeding was 2.8. The antibody:S III ratios also approached a lower limiting value as in the case of serum 644. Table III . The tubes were incubated for 0.5 hour, centrifuged at 37°C., and washed twice with saline in the cold. The supernatants were chilled and allowed to stand overnight in the ice box. Additional precipitate appeared in the supematants which contained excess antigen. The sum of the antibody N precipitated at 37°C. and that deposited after chilling did not equal the quantity precipitated in analyses run at 0°C. throughout (of. also (6a)).
Quantitative analyses in the two cross reacting systems showed a much greater error near the antibody maximum when run at 0 ° than at 37°C. Even with strict temperature control successive analyses often differed by as much as 0.05 rag. of N. This tendency seemed greater in certain sera than in others, and although the reason for it is not known, it recalls Goodner and Horsfall's observation (9) of coprecipitation of Types I and II antibodies from polyvalent and mixed antipneumococcus horse sera at 0 ° while more strictly specific precipitation occurred at 37°C.
DISCUSSION
The quantitative theory of the precipitin reaction (2) involved the assumption that the numerous antibodies in antisera might be treated mathematically as a single substance of average reactivity, multivalent with respect to antigen, which, in turn, was multivalent with respect to antibody. In this way the aggregation and the multiple combining proportions characteristic of immune reactions such as the precipitin and agglutinin reactions could be quantitatively accounted for (3). It was, however, realized that antisera actually contain a complex mixture of antibodies differing possibly both in the number and kinds of groupings reactive with the antigen. Numerous instances were given (3) in which partial absorption of antisera with homologous antigen left behind antibodies different in reactivity from the assumed average in the original serum and characterized by a different equation.
In the first paper on the Type III-Type VIII cross reaction, however, it was shown that cross absorption did not result in an analogous fractionation of the antibodies with respect to their reactivity toward homologous polysaccharide (1) . Although about one-third of the antibodies in a Type VIII antipneumococcus horse serum could be precipitated by S III, the precipitin reaction between S VIII and the Type VIII anticarbohydrate followed exactly the same course and gave the same equation, when calculated to the same antibody content, whether carried out in whole serum or in serum deprived of the considerable proportion of antibody cross reactive with SIII. This has since been confirmed in parallel studies on other Type VIII antisera. It will be noted from Table I and Fig. 1 that a similar state of affairs obtains in Type III antiserum, the homologous reaction and equation, recalculated to the same amount of antibody, remaining the same after removal of the antibodies precipitated by S VIII. This may be taken to indicate a random distribution, among the antibodies of different reactivities, of groupings or configurations capable of reacting with heterologous specific polysaccharide.
While the homologous reaction pairs, S III-anti-S III and S VIII-anti-S VIII yielded curves of the type previously observed in horse sera (1, 2), the heterologous pairs, S III-anti-S VIII (1) and S VIII-anti-S III followed a different but mutually similar course. After an initial steep, curving portion in the plots (Figs. 1 and 2 ) resembling the homologous reactions there was a relatively sharp transition into a less steep, linear portion suggestive of the reaction plot found by Scherp for Type I meningococcus specific polysaccharide in polyvalent antimeningococcus horse sera (10) , and in exaggerated measure, conforming to Goodner's presentation (11) of even homologous reaction curves as a series of small linear segments. Even along the linear portion of the cross reaction curve the composition of the specific precipitate varied, but tended to become constant at lower antibody N to S ratios as the amount of specific polysaccharide was increased. With 10 times the quantity of S giving maximum cross precipitation partial inhibition ensued in the S III-anti-S VIII reaction while in the S VIII-anti-S III system precipitation was merely delayed, not diminished. A further 5-fold increase in S resulted in complete inhibition of precipitation in the former system and nearly complete inhibition in the latter. In both reactions, then, soluble compounds are possible with lower antibody N:S ratios than the final constant-ratio insoluble compound, just as in homologous precipitin reactions (cf. also (12)).
It was noted that removal of the cross reacting antibodies corresponding to the initial curved segment of the plot resulted in the failure of about one-half of the remaining cross reacting antibody to precipitate with SIII. A similar effect has been observed in the serial precipitation of many antisera by small amounts of antigen and has been interpreted on the assumption that the nonprecipitable portion of antibody is univalent with respect to antigen and can take part in aggregate formation only in the presence of sufficient multivalent antibody (3, 13). On this basis, then, the entire linear portion of the cross reaction curve would be due to the addition of univalent (and by itself nonprecipitable) antibody to S III-A aggregates formed with the multivalent antibody of the initial segment of the curve. In the attempted separation of the antibody into portions characteristic of the two segments it would seem that sufficient multivalent antibody remained with the linear portion, 644 B, to permit precipitation by S III of roughly one-half of the total cross reacting antibody. This is borne out by the failure of the line B in Fig. 2 to pass through the origin. The interpretation given also accounts for the drift in composition noted in Table II .
If one considers the linear segment as a separate curve, apart from the remainder of the plot, it is found that the quantity of antibody precipitated is directly proportional to the amount of S III added. Since combining proportions of antigen and antibody remain constant over this range, it is possible to calculate an immunological equivalent weight for S III in the cross reaction. The proportionality constant of antibody N to antigen, or the slope, equals 2.5 for serum H 644; multiplied by 6.3 this yields a protein: polysaccharide weight ratio of about 16. If 1,000,000 be taken as the molecular weight of horse antibody to pneumococcus (14) , and its valence with respect to SIII equal to 1, as discussed above, the equivalent weight of S III is found to be 62,000, which equals about 180 glucuronoglucose units. This would represent a minimum value for the molecular weight of SIII. A similar calculation for S VIII, based on Experiment 1, leads to the value 140,000.
Of the numerous instances of cross reactivity studied some have been found to be reciprocal and others unilateral, but criteria are lacking by which predictions can be made as to which behavior a given cross reaction will show. The specificities and cross reactivities of azoantigens containing sugars and sugar acids as determinant groups have been studied by Avery and Goebel (15) and by Goebel (16) and have been related to the chemical structure and spatial relationship of the sugar haptens employed. The present study permits a correlation between the chemical constitution of two naturally occurring polysaccharides, SIII and S VIII, and the quantitative behavior of the reciprocally similar cross reactions in both directions between these polysaccharides and horse antisera to Types III and VIII pneumococci.
Since SIII (17) and S VIII (18) contain the same aldobionic acid as a structural unit, a measure of cross reactivity is to be expected. Evidence has been given, however, that the serologically reactive unit is a larger portion of the polysaccharide molecule than a single chemical structural unit (19, 1) . While S III is a polymer of the aldobionic acid unit, S VIII contains, in addition, approximately two glucose molecules for every aldobionic acid residue (1, 18) . Cross precipitation in either the S III-anti-S VIII system or the S VIII-anti-S III system would therefore involve only that fraction of the antibodies carrying reactive groupings of suitable configuration (cf. also Hooker and Boyd (20) ).
An appreciable portion of the cross reacting fraction would be expected to contain more than one reactive grouping per antibody molecule. It might also be predicted from a knowledge of the structures of SIII and S VIII (as yet complete only for SIII (21) ), that, weight for weight, the polyaldobionic acid SIII would be a more efficient cross precipitant for anti-S VIII than S VIII for anti-S III. This would follow, because in S VIII the common aldobionic acid unit, to a multiple of which the cross reactivity is ascribed, comprises only about 60 per cent of the molecule whereas SIII is wholly a polyaldobionic acid. That this prediction is borne out is shown by the slopes of the linear portions of the cross reaction curves. In the S III-anti-S VIII system these slopes are more than twice as great as that of the single S VIII-anti-S III system studied, so that along this portion of the curve more S VIII is required to precipitate a given weight of anti-S III than is necessary in the case of SIII to precipitate the same weight of anti-S VIII. This not only holds for the linear segments of the curves, but also for the initial steep portions, as may readily be determined either from the intercepts of the line connecting the antibody N:S ratios of the first points in the curves, or by noting on Figs. 1 and 2 the amounts of antibody N brought down in the cross reactions by 0.01, 0.02, and 0.03 mg. of S III and S VIII, respectively.
Since the cross reactivities of SIII and S VIII seem reciprocally equal to the proportion of common aldobionic (cellobiuronic) acid contained in each polysaccharide, the cross reactions being of the same type, but with numerical differences of the order expected from as much of the chemical structures as is known, a further, admittedly speculative, deduction might be drawn. or practically identical with that of the cross reaction. Unfortunately the data given in (1) cannot be used for an additional test of this relationship since only one point on this part of the curve was determined. However, the dissociated antibody (644 A) from the fractionation of serum 644 (Table II, as that of the homologous reaction when calculated to 1.0 mg. of cross reacting antibody N. The virtual identity of the equations indicates that an appreci-able fraction of the antibody reacts in exactly the same way with S III and with S VIII. As far as can be determined by the sensitive quantitative method, this fraction of the antibody fails to distinguish between the two polysaccharides. This serves again to emphasize both the close structural relation between the two polysaccharides as well as the sharp differences in reactivity between different fractions of the antibodies elicited in an animal by immunization with a single antigen (cf. also (3)). These results also extend an earlier observation that the antibody dissociated from a specific precipitate of SIII and anti-S VIII was entirely precipitable by either polysaccharide (22) .
A corresponding antibody fraction with identical reactivity toward SIII and S VIII was not found in the antipneumococcus Type III serum studied (Table I and Fig. 1 ). It will be noted that the equation of the initial segment of the cross reaction curve, calculated to 1.0 mg. of cross reacting antibody N in the same way as in the preceding instance, mg. antibody N precipitated = 14.5 S --52.6 S 2 is distinctly different from that of the homologous reaction, mg. antibody N precipitated --23.4 S --137 S ~ at the same antibody N level. The failure of the two cross reactions to show strictly reciprocal behavior in this sense, while not predictable on the basis of available information, is at least in accord with the points stressed, since, as noted above, S VIII is only in part a polycellobiuronic acid such as SIII.
Thus the S III-anti-S VIII and S VIII-anti-S III cross reactions show, in general, a reciprocal character that might have been expected from the close structural similarity of the specific polysaccharides comprising the hapten portion of the distinctive antigens of the two pneumococcus types. Quantitative analysis of the cross reactions, has, however, brought to light distinct differences in the course of the two reactions and permitted a correlation between these differences and the known chemical structures of the two polysaccharides.
It is also evident that at least three distinct kinds of anticarbohydrate ~ are evoked in horses in response to the stimulus of a type specific pneumococcus antigen such as, for example, that of Type VIII. Two of these forms make up the cross reactive fraction, which usually comprises one-quarter to one-third of the total. As already noted, this portion is completely precipitable by S III or by S VIII. It may be fractionated by means of the cross reacting polysaccharide, S III, into (1) a portion characterized by a sharply ascending reaction curve, and (2) a fraction showing a linear segment and ultimately constant composition of the specific precipitate. This, if it could be obtained entirely separate from the other fraction, would appear to be univalent with 2 Antibodies to the somatic C-substance need not be considered here, since they were removed from all antisera in advance.
respect to SIII, although not with respect to the homologous S VIII. Finally, after separation of the cross precipitable antibody from the antiserum, the principal antibody fraction (3), at least two-thirds of the total, is found to be rigidly type specific in that cross precipitation between Types III and VIII does not occur. Even this antibody is not homogenous, but is composed of fractions of varying reactivity toward the homologous polysaccharide as shown by the identity of its characteristic equation with that of the antiserum as a whole. The concept "antibody" would therefore seem to refer, not to serum globulin modified in a single manner, but to a series of modified globulins separable and identifiable as distinct fractions and limited in number mainly by the cross reactivities and quantitative criteria available for their characterization. These complexities are, however, far from hopeless, as they may be accounted for even quantitatively on the basis of varying numbers and kinds of reactive molecular groupings, for example, as in the present communication and in earlier papers from this laboratory.
SUMMARY
